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Evidence is  given l i n k i n g  magnetic clouds reported a t  Earth and “gradual 

comnencement” principal magnetic stormsc About half of 19 magnetic clouds could 

b e  associated with geomagnetic stoms beginning w i t h i n  1 h r  of cloud 

comnencement a t  Earth, w h i l e  none of 19 controls (no magnetic cTouds reported a t  

Earth) could b e  associated w i t h  storms- The association is significant a t  

better than 99% level of confidence, Superposed epoch analysis of the 

equatorial Dst geomagnetic index for  time intervals associated with the 19 

magnetic clouds, centered on s t a r t  time of clouds a t  Earth, reveal s that <Os- 

steadily decreased, by a factor  o f  about 5, between cloud onset and 13 h r  

following cloud onset, when i t  began a slow recovery to pre-cloud values, 

Superposed epoch analysis for  time intervals associated w i t h  the 19 controls, 

centered on the s t a r t  time of the control periods, shows < D s Q  t o  vary only 

i n s i  gniffcantly as campared t o  pre-cTou& Val ues, The decrease (and subsequent 

increase) i n  C D s t r  f o r  the timespans associated with the clouds is shown to b e  

directly related to the behavior o f  Bs, the 2-component o f  the interplanetary 

magnetic field; ire** fronr superposed epoch analysis,. the decrease i n  C D S D  i s  

seen to simultaneously occur w i t h  a sustained southward < B n ,  w i t h  the recovery 

of <DsO beginning w i t h  the occurrence of northward < B n .  
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The ex i  stence o f  i nterp l  anetary magnetic c l  ouds has been cl ear ly  at tested 

by Burl aga -- e t  aT - C198ll and Burlaga and Behannon Cl9821, and the s t a t i s t i c a l  

charac ter is t i cs  o f  clouds have been described by  KTein and. Burlaga Cl.982; 

herea f te r  re fe r red  to as K B I ,  KB grouped 45 magnetic cTouds i n t o  three, 

approximate1 y equal 1 y popul ated c l  asses : group A c l  ouds f o l  1 owi ng shocks * group 

B clouds preceding in teract ion (co-rotating) regions, and group C clouds 

associ ated wi th  col d magnetic enhancements. KB c l  assi f i ed the magnetic c l  ouds 

i n  t h i s  way, not t h a t  each class o f  clouds i s  inherent ly d i f f e r e n t  from each 

other  ( t h e i r  f i e l d  and plasma parameters,- i n  fact, were qu i te  s im i la r  i n  value), 

b u t  t h a t  the three types o f  clouds were i d e n t i f i e d  according to the environment 

i n  which they were found, KB believed t h a t  the three classes o f  clouds might be 

d i f f e r e n t  manifestations o f  a s ing le phenomenon, i n  part icular,  

earthward-directed coronal mass eject ions ICMEs) A f t  cTouds were i d e n t i f i e d  

near Earth from observations made w i t h  the IMP ser ies af spacecraft- 

Support f o r  this hypothesis (i .e,, magnetic clouds are associated w i t h  

WEs) has grown, For example, Burlaga -- e t  a1 - C19821 found t h a t  a plane-of-sky 

magnetic cloud was associated with a plane-of-sky WE, based on Hellos 1 and 

Sol wind data, A1 so, W i l  son and H i 1  dner [19841 showed t h a t  group A magnetic 

clouds o f ten  were associated with f l  are-re1 ated type I1 meter-wave radio bursts 

near central  meridian, based on a s ta t i s t i ca l  study o f  magnetic clouds, control s 

(no magnetic clouds), and proxy CME-related solar events. More recently, Wilson 

and Hi ldner [1986] found groups B and C magnetic clouds t o  be s t a t i s t i c a l l y  
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associated ( a t  > 99% l eve l  of confidence) wi th  disappearing f i laments near 

central  meri di an 

CMEs often have been associated w i t h  two forms o f  so lar  ac t i v i t y :  

f lare-re1 ated type 11 radio bursts ' and disappearing f i laments (erupting 
I 

prominences) [e+, Munro e t  a1 I979; Rust and HiTdner -- e t  a l  ., Y.980; Wagner, 

1984; Cane and Stone, 1984; Sheeley -- e t  a1 ., 1985; Cane, 19851. These same two 

forms o f  so la r  ac t i v i t y ,  when they occur near central meridian. also have been 

associated with geomagnetic storms Ce.g-, Hundhausen, 1979; Joselyn and 

McIntosh, 1981; McNamara and Wright, 1982; Wright and McNamara, 1983; Rust, 

1983; Sastr i  , Ramesh, and Rao, 19851- Therefore, i f  magnetic clouds near Earth, 

indeed, are manifestations of CMEs directed a t  Earth, then they too may be 

associ ated with geomagnetic storms 

-- 

It i s  general ly accepted t h a t  sudden commencement geomagnetic storms are  

associ at& w i  th . enhancements o f  solar w i  nd dynamic pressure ( i -e. * shocks) 

[Burton, McPherron, and RusseIT 1975i Cane, 19853, Likewise, the 2-component 

( B t )  o f  the interplanetary magnetic f i e l d  (I#) has been associated with 

geomagnetic act1 v i  t y  [e .g -, Rostoker and Fa1 thamnar, 1967 ; Russel 1 , McP herron , 
and Burton, 19741, Disturbances i n  the Earth's magnetosphere of ten are 

1" 

monitored using the Dst geomagnetic index. I n  t h i s  paper, the s t a t i s t i c a l  

association between magnetic c l  ouds near Earth and geomagnetic storms i s 

investigated, using both an event (cloud) group and a control (no cloud) group. 

A1 so, based on superposed epoch anayl s i  s , the time-dependent behavior o f  <Dst>, 

the mean equatorial Dst geomagnetic index, and o f  CBD, the mean Bz o f  the IMF, 
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f o r  19 magnetic clouds and 19 controls i s  determined- Lastly, a comparison i s  

made o f  clouds w i t h  known geomagnetic storm associations against those without 

known storm associ a t i  ons. 

- 

DISCUSSION 

Approach 

Based on KB's [1982] l i s t i n g  o f  cloud occurrences between May 1973 and 

Apr i l  1978, a comparison i s  made between the s t a r t  time o f  cloud occurrence a t  

Earth and pr inc ipa l  magnetic storm cornencement as l i s t e d  i n  the - Solar 

Geophysical - Data, denoting "yes" associations as those when a pr inc ipa l  magnetic 

storm comnenced wi th in  1 h r  o f  the s t a r t  o f  a c loud a t  Earth. The analysis i s  

performed by cloud group and f o r  the combined groups B b C clouds and a l l  clouds- 

For compari son * control  per i  ods (no magnetic ctouds reported a t  Earth) are a1 sa 
.. 

employed- 

In the contingency tables o f  observed d is t r ibut ions,  clouds are denoted by 

the l e t t e r  "E,' s ign i fy ing "event," and contro ls  by the l e t t e r  "C-" Sta t i s t i ca l  

testing, based on the probabi l i ty  P t ha t  there i s  no preferent ia l  association 

between clouds and geomagnetic storms, i s  used to determine the signif icance o f  

- 

the observed d is t r ibu t ions  . 

Next, the type o f  geomagnetic storm t ha t  possibly may be associated with 

magnetic clouds i s  i nvesti  gated; i .e., are magnetic clouds be t te r  associ ated 

wi th  gradual comnencements or  sudden comnencements? Thi s i s  accompl i shed by 
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means o f  s t a t i s t i c a l  test ing, as before, based on the probabi l i ty  P t h a t  there 

i s  no preferent ia l  association i n  the distr ibut ions.  

Lastly, superposed epoch analyses o f  Drt and Br are .performed, f o r  the 

in te rva l  24 h r  e i t h e r  side o f  cloud and control  onsets a t  Earth and based on 

hour ly values pubtished, respectivety, i n  the - SGD and i n  King C W ? ,  19793, 

<Dst>. and <Et> are computed for the 19 clouds and 19 controls and t h e i r  

v 

time-dependent behavior i s  compared, A simiTar analysis i s  performed i n  which 

the behavior o f  CDSW and < B o  f o r  clouds with known geomagnetic storms i s  

contrasted against those without known geomagnetic storms. 

I n  a l l  of the analyses, the control groups are the same and were determined 

by off-sett ing l a t e r  i n  time ( typ ica l l y  7 to 9 days) from the s t a r t  o f  the 

clouds as reported by KB C19821. Since magnetic clouds average about 24 h r  i n  

duration. a l l  cont ro l  periods are 24 h r  in duration, as well , For  convenience, 

a l l  control  periods begin a t  0000 UT.. A control' per iod i s  defined as a per iod 

o f  t i m e  i n  which no magnetfc cToud was reported by KE, y e t  the so la r  wind data 

., 

are o f  s u f f i c i e n t  qua l i t y  t h a t  had a magnetic c loud been present it should have 

been contained i n  t h e i r  o r ig ina l  1 i s t t  A1 so, the control  period should be 
_ _  

s u f f i c i e n t l y  l a t e r  i n  time so t h a t  the longi tude o f  a c t i v i t y  i s  no longer near 

central  meridian. Because o f  these constraints , the control  periods spanned 

t y p i c a l l y  7 t o  9 days la te r .  [Additional comnents regarding controls are 

contained i n  Wilson and Hildner, 1986.1 



* W i l  son: Magnetic Cloud-Geomagnetic S t o r m  Page 7 

L- - 
Magnet1 c C1 oud-Geomagnetic - Storm Associ at4 ons 

I n  Table 1 the observed d is t r ibu t ion  i s  shown o f  "yes" and "no" 

associat ions f o r  the event (cloud) group and the control (no cloud) group fo r  

the different classes o f  magnetic clouds and selected groupings o f  clouds, based 

on the sor t ing  c r i t e r i o n  of geomagnetic storms comnencing within 1 h r  o f  the 

s t a r t  of a c loud ( o r  control)  a t  Earth. For group A clouds (those fol lowing 

shocks) 2 o f  4 clouds meet t h i s  cr i ter ion;  the  2 clouds which did no t  meet the 

c r i t e r i o n  had storms already i n  progress. apparently due t o  the shocks which 

preceded the clouds -- one 14 hr pr io r  to cloud passage a t  Earth and the other  9 

h r  p r i o r  to cloud passage. For group B clouds (those preceding in te rac t ion  o r  

co-rotat ing regions), 3 of 7 have associated geomagnetic storms, and f o r  group C 

clouds (those associated w i t h  cold magnetic enhancements), 5 o f  8 have 

associations.. Fo r  the combined groups B & C, 8 o f  15 have associations, and f o r  

the overa l l  combined graup ( a1 1 magnetic GI ouds i gnori ng ct ou& class) e 10 a f  19 

magnetic clouds have associated geomagnetic storms,. I n  a l l  categories, none o f  

the cont ro ls  has any association wfth geomagnetic storms, 

The p r o b a b i l i G  P t h a t  - no preferent ia l  associat ion e x i s t s  i n  the observed 

d is t r ibut ion,  likewise, i s  given i n  Table 1 for the various classes of magnetic 

c l  ouds , computed using the hypergeometric formul a [Langl ey, 1971 ; Everi tt , 
19771. The only groupings which exhib i t  a s t a t i s t i c a l l y  s ign i f i can t  (P 5 0.05) 

associat ion are groups C, B ..&C, and the overal l  combined group (a1 1 clouds) . I n  

fact, the associations f o r  groups B &C and ALL are s ign i f i can t  a t  > 99% leve l  o f  

confidence (P C 0.01) . Thus, the  observed d i s t r i bu t i on  o f  near simultaneous 

occurrences (cornencements w i th in  1 hr  o f  each other) o f  magnetic clouds near 
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Earth and geomagnetic storms strongly suggests t h a t  the association i s  n o t  

random, bu t  ra ther  preferential,  w i t h  geomagnetic storms of ten occurring when 

magnetic clouds (associated w i t h  CMEs) are present near Earth- 

Gradual Comnenchent Versus Sudden Conmencement 

I n  Table 2 the observed d is t r ibu t ion  i s  shown o f  "yes" and "no" 

associations by type o f  geomagnetic storm f o r  each class o f  cloud and f o r  

selected groupings o f  clouds, again based on event and control  groups. For 

group A clouds, none of the magnetic clouds can be associated w i t h  gradual 

conmencement storms. Instead, they appear t o  be be t te r  associated w i t h  sudden 

conmencement storms; 2 of 4 clouds have associated sudden conmencements, 

(Actual ly, a l l  4 clouds are associated w i t h  sudden comnencements; only 2 o f  the 

4 met the c r i t e r i o n  o f  having a storm comence w i th in  1 h r  o f  cloud onset a t  

Earth-) This may be an expected result, since Cane Cl9851, has shown that 

interplanetary shocks (i .ert sudden coaraencements) o f ten  are associated w i t h  

type I1 rad io emission on the Sun, and Wilson and Hi ldner C19841 have shown that 

group A magnetic clouds (those associated with shocks), l ikewise, o f ten are 

assocfated w i t h  type If rad io  emission- 

For the other groupings o f  clouds, 3 of 7 group B clouds and 5 o f  8 group C 

c l  ouds have associations w i  t h  gradual comnencements . ( None o f  these two c l  asses 

o f  clouds had associations with sudden comnencement storms.) Thus, about hal f  

(8 of 15) of the combined groups B and C clouds appear to be closely associated 

with gradual comnencement storms. Ignoring magnetic cloud group c l  ass i f icat ion,  

8 o f  19 appear t o  be associated w i t h  gradual commencements, while 2 (both group 
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A clouds fol lowing shocks) have sudden comnencements; as stated ear l ie r ,  no 

contro l  s have associations w i t h  e i ther  form o f  geomagnetic act iv i ty ,  

The probab i l i t y  P that  no preferent ia l  association ex is ts  in the observed 

d i s t r i b u t i o n  ( f o r  each cTass of magnetic clouds) i s  also giverr irr Table 2, As 

i n  Table I., the only groupings which exh ib i t  a s t a t i s t i c a l l y  s ign i f i can t  r e s u l t  

(P  0.05) are groups C, B &C, and the overal l  combined ( a l l  classes) group, 

w i t h  associations f o r  groups B & C and the overal l  combined group being 

- 

sign i f i can t  a t  > 99% level  o f  confidence. Thus, the observed d is t r ibu t ions  

strongly suggest a preferential association between magnetic clouds near Earth 

and gradual cornencement geomagnetic storms - 

Superposed Epoch Analyses 

I n  Figure_lit, the result o f  a superposed epoch analys is  o f  the time 

i n t e r v a l s  f o p  the 19 magnetic clouds, ignor ing group designation, i s  depicted, 
' 

Each of the I9 magnetic clouds w a s  aTigned accordfng t o  t ime o f  onset o f  cloud 

passage a t  Earth, and the Dst  geomagnetic index values were combined and 

averaged to yield it mean CDsP Val ue. The time in te rva l  o f  24 h r  p r i o r  t o  c loud 

passage i s  designated 'pre-cl oud," whi 1 e the 24-hr in te rva l  f o l  1 owing cloud 

onset i s  denoted "cloud." Mean value (z), standard deviat ion (s), and number of 

ind iv idual  data points (n) are ident i f ied  f o r  the pre-cloud timespan- [It i s  

noted tha t  the Dst index i s  a measure o f  the t o t a l  k ine t i c  energy o f  par t i c les  

i n  the symnetric pa r t  o f  the r ing current bel t and i s  useful i n  studies o f  

geomagnetic storms; Dessler and Parker, 1959; Burton, McPherron, and Russell, 

1975; and Akasofu e t  a1 ., 1985.1 -- 
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cost> i s  observed to vary i ns ign i f i can t l y  during the pre-cloud in terva l .  

Comnensurate wi th  cloud onset, <Dst> began a steady 13-hr decrease to a value 

about 5 times more negative than the mean value (-7.4) f o r  the pre-cloud 

interval .  Following this, <Os* began a slow increase t o  pre-cloud values. 

This signature of sudden commencement, main phase, and recovery i s  typ ica l  f o r  

distrubances monitored usi ng the Dst index . 

I n  Figure lb, a s im i la r  p l o t  o f  the time in te rva l s  f o r  the 19 contro ls  i s  

depicted, where each control i s  aligned according t o  control  start,  Where 

before a sudden decrease i n  <Os* t o  large negative value i s  observed f o r  the 

cloud in te rva l  r e l a t i v e  to the pre-cloud in terva l ,  no such behavior i s  noted f o r  

the  controls. Instead a slowly varying signal i s  observed, whose mean value 

d i f f e r s  i ns ign i f i can t l y  f r o m  t h a t  of the pre-cloud <Os* mean value. (The 95% 

confidence in te rva l  f o r  the pre-cloud <Os- mean value i s  -7.4 f 1.9 and the 95% 

conffdence Znterval f o r  the control  <DsP mean value i s  -9Jz 1.1- Thus, the 
%*&- i +* 

means o f  the twa d i s t r i bu t i ons  a r e  fns ignf f icant ly  d i f ferent  a t  the 95% level  o f  
,- L? , 

confidence; i n  fact, they are even i n s i g n i f i c a n t  a t  the 90% leve l  o f  

confidence,) 

fn Figure 2, a superposed epoch analysis o f  the time in te rva l s  f o r  the 19 

clouds i s  shown i n  terms o f  <Bz>, the mean Z-component o f  the interplanetary 

magnetic f i e ld .  Past research has revealed <Bz> to be general ly associated with 

geomagnetic a c t i v i t y  [e.g., Burton, McPherron, and Russell, 1975 and references 

contained therein]. For example, Rostoker and Falthamnar [1967] found tha t  the 

main phase o f  a geomagnetic storm was associated wi th  a sustained southward Bz, 
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and they noted t h a t  the  recovery phase was associated with a decrease or 

switching o f f  of the southward Bz, A1 so, Russell, McPherron, and Burton [1974] 

found t h a t  the southward Bz had t o  exceed an apparent threshold level, which 

possibly was Dst-dependent, i n  order to t r i g g e r  the main phase of  a storm, I n  

F igure 2, CBZ, i s  observed to; vary fns ign i f i can t l y  during the pre-cloud 

in te rva l  - (The 95% confidence in terva l  for the CBZ, mean value during the 

pre-cloud in te rva l  i s  about 0.2 ? 0.3.) Near the time o f  cloud onset a t  Earth 

(when cDsD was beginning to decrease), c B n  i s  observed t o  decrease to a 

maximum southward value w i th in  a few hours and to sustain a southward value f o r  

several addit ional hours, <Bz, becomes northward a t  about 16 h r  fo l lowing cloud 

onset, and it remains so a t  l e a s t  through 24 h r  a f t e r  cloud onset. The 

northward < B v  appears to be associated wi th  the recovery phase o f  <Dst>. 

Cloud-Storm Association Differences 

It i s  a cur ios i ty  t h a t  all e t i c  clouds do no t  appear to have a 

geomagnetic storm associ aff  on, U the c r i  t e r i o n  o f  storm conmencement w i t h i n  

1 h r  o f  cloud onset a t  Ear% showed-that 10 o f  the 19 magnetic clouds had 

ptkbabl e associ a f f  w& geomagnetic stonas, Relaxing this s t r ingent  

c r i t e r i o n  y i e l d s  an improved association; e.g.* a window o f  f 3 h r  suggests 

s-mz- -.- 

probable associations f o r  12 of 19 clouds, and a window o f  2 6 h r  increases the 

number o f  "yes" associations t o  15 of  19. For 5 o f  the 9 clouds which d i d  not 

meet the or ig ina l  c r i t e r i on ,  a geomagnetic storm was already i n  progress; thus, 

15 of 19 clouds were associated with timespans when geomagnetic a c t i v i t y  was 

enhanced. (In contrast, reca l l  that  no-cloud control periods cannot be 

associated with even a s ingle geomagnetic storm.) For those clouds which had 
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.' storms already i n  progress a t  cloud onset a t  Earth, the time difference between 

storm conmencement and cloud onset varied between 2 and 14 h r  prior to cloud 

onset. 

Figures 3a and 3b depict  superposed epoch analyses f o r  cost> and <Bz>, 

respectively, f o r  those w i t h  probable cloud-storm associations (10 examples 

which met the most stringent cri terion, denoted 0 )  and f o r  those without 

cloud-storm associations (9  examples, denotedo). I n  both cases, <Dst> and 430 

behave similarly, c D s 0  and c B v  are observed to  vary insignificantly during 

the pre-cloud timespan, then t o  decrease i n  value near cloud onset a t  Earth& A 

main phase and a recovery phase a re  indicated- The major differences between 

the two groups are t h a t  pre-cloud values o f  cost> fo r  clouds w i t h  storms a re  

sl ightly more positive than f o r  clouds without storms, and t h a t  the depth o f  

decrease is s l igh t ly  greater  f o r  clouds w i t h  storms- During the cloud interval , 
< B z ,  values €at- clouds w$thout storms a r e  o f  s l igh t ly  more positive value than 

. for cTouds rsfttr 'storms, Also, the recovery phase begins sooner f o r  clouds 

without storms, 

w 

In terms. o f  cloud velocity and duratiom differences. there i s  essentially 

no difference between the two groups. Those with  associations had an average 

speed a t  cloud onset o f  about 454 km s-l; those without associations about 426 

km s-l. Durations averaged 23.8 and 23.9 h r  f o r  the two groups, respectively. 

KB c19821 showed examples of clouds whose magnetic f i e l d  rotated 

counterclockwise and clockwise; so, i t  is not i n t u i t i v e l y  obvious why some 

clouds have storm associations and some do not, even though CDSD and <Bz> 
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?- values between the two groups behaGe s imi la r ly  and are o f  about equal magnitude. 

CONCLUSIONS 

I n  th is  paper evidence has been presented t h a t  strongly suggests a 

preferent i  a1 associ a t i  on between earthward-di rected magnetic cl ouds, 

manifestat ions of  earthward-di rected coronal mass eject ions and geomagnetic 

storms. The emerging p ic tu re  i s  that  a magnetic c loud m 4 y  i n  some way d i r e c t l y  

i n t e r a c t  with the Earth's magnetosphere as it passes Earth, thereby t r igger ing  a 

geomagnetic storm, . and continues i n t o  the outer so lar  system. While group A 

magnetic clouds fol 1 owing shocks are be t te r  associ ated with sudden commencement 

geomagnetic storms, the other two c l  asses of  magnetic clouds ( group 6 clouds 

precedi ng i nteract i  on regions and group C c l  ouds associ ated with col d magnetic 

enhancements) and c l  ouds i n general ( a1 1 c l  ouds, i gnori ng c l  oud cl ass1 f 1 cation) 

appear t o  b e t t e r  r e l a t e  t o  graduaT comencement geomagnetic storms, a t  > 99% 

leve l  o f  confidence. The analysis has reveaTed that about ha1 f o f  the magnetic 

clouds (10 of 19) and none o f  the 19 no-cloud control  s could be associated w i t h  

geomagnetic storms. Whi 1 e a 1-to-1 associ a t i  on was no t  found between magnetic 
. ,  

cTouds and geomagnetic storms, 15 o f  19 cTouds could be associated with enhanced 

periods of geomagnetic act iv i ty ,  Some clouds (about one-fifth) apparently do 

no t  t r i g g e r  storms. Superposed epoch analysis o f  the 19 clouds and 19 no-cloud 

contro ls  has revealed tha t  cDst> f o r  clouds decreased by a factor  o f  about 5 

r e l a t i v e  t o  pre-cloud values, while < D s D  f o r  controls varied only 

ins ign i f i can t ly .  The decrease i n  <Os- began precisely a t  the s t a r t  o f  cloud 

passage a t  Earth and the decrease continued f o r  about 13 h r  fo l lowing cloud 

..._. , . . - .  , 
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s t a r t ,  w i t h  a slow recovery to pre-cloud values following. A similar behavior 

is noted t o  have occurred f o r  <BO. A sustained southward <Bz> occurred near 

cloud onset a t  Earth, and when <Bz> became northward, recovery of <Dst> was 

underway. Both clouds w i t h  storm associations and clouds without storm 

associations exhibit  similar behavior i n  and ( B n ,  although the cBz> value 

f o r  clouds without associated storms i s  about half that determined f o r  cTouds 

w i t h  associated storms and the duration of the southward <Bz> is sl ight ly  less. 

Perhaps, this is suggestive that a threshold level, indeed, exis ts  fo r  

tri ggeri ng geomagnetic storms, 

Acknowledgments. I wish to thank Ernest Hildner o f  the High Altitude 

Observatory and Douglas Rabin of the National Solar Observatory fo r  helpful  

discussions and recomnendations, and to Steven Tr Suess of NASA Marshall Space 

F l ight  Center f o r  special assistance- This research was supported by the NASA 

Office of SoTar and HeTfospherfc Physics and by the A i r  Force Geophysics? 

Laboratory through i ts  Solar Research Branch of the Space Physics Division, 



’ Wilson: Magnetic Cloud-Geomagnetic Storm 

I- - 
REFERENCES 

- 

Page 15 

Akasofu, S.-I., C. Olmsted, E- J. Smith, B -  Tsurutani, Re  Okida, and D. N. 

Baker, Sol a r  wind var i  at1 ons and geomagnetic storms: A study o f  i ndi v i  dual 

storms based on high time resolut ion ISEE 3 data, J. Geophys. Res-, 90, 

325 1985, 

- -- 

Burlaga, Lo F. and K. W, Behannon, Magnetic clouds: Voyager observations between 

2 and 4 All, Solar Phys., 81, 181, 1982- - 
Burlaga, Lo F-, L. Klein, N. R. Sheeley, Jr., D. J, Michels, R. A. Howard, 

M. J .  Koomen, R- Schwenn, and H. Rosenbauer, A magnetic cloud and a coronal 

mass ejection, Geophys. Res. Lett- ,  9, 1317, 1982- - 4 

Burl aga* L. F., E. S i t t l e r ,  F. Mariani , and R. Schwenn, Magnetic loop behind 

an interplanetary shock: Voyager, He1 i o s  and IMP-8 observations, J . - 
Geophys, Res., 86 , -- 6673, 1981 . 

Burton, RI K., R- L- McPherron, and C- TI. Russell. An empir ical re lat ionship 

between interplanetary condit ions and Dst, J Geophys, Res., 80,  4204, - -- 
1975 L 

Cane, HI VI, The evolut ion o f  interplanetary shocks, J ,  Geophys. Res., 90 - - -’ 
. .  . .  ... 

Cane, H-  V -  and R, G- Stone, Type IL solar rad io bursts, interplanetary shocks, 

and energetic p a r t i c l e  events, Astrophys. -- J., 282, 339, 1984- 

Dessler, A. J. and E. N. Parker, Hydromagnetic theory o f  geomagnetic storms, 

J. Geophys. Res., 64, 2239, 1959. - -- 
Ever i t t ,  B. S., - The Analysis - o f  Contingency Tables, Halsted Press (John Wiley 

and Sons, Inc. 1,  New York, 1977 . 
Hundhausen, A. J., Solar a c t i v i t y  and the solar wind, Rev. Geophys. Space Sci., - 



W i l  son: Magnetic Cloud-Geomagnetic Storm Page 16 

- 17, 2034, 1979 - 
Joselyn, J. A. and P o  S. McIntosh, Disappearing solar filaments: A useful p red ic to r  

o f  geomagnetic a c t i v i t y  , J . Res., 86, 4555, 1981 - - -- 
King, J .  HI, Interplanetary medium data book - appendix, NSSDC/WDC-A-R&S 77-O4a, 

Greenbelt, Maryland, September 1977, 

King, J. H., Interplanetary medium data book - supplement 1, NSSDC/WDC-A-R&S 

-’ 79-08 Greenbel t , Mary1 and, December 1979. 

Klein, L. W. and L- F. Burlaga, Interplanetary magnetic clouds a t  1 AU, - J. 

Geophys. - Res,, -’ 87 613, 1982. 

Langley , R., Pract ical  S t a t i s t i c s  Siarply Explained (Revised Edit ion), Dover 

Publications, Inc., New Yorlc, 1971. 

McNamara, Lo F- and C. S. Wright, Disappearing solar f i laments and geomagnetic 

ac t i v i t y ,  Nature, - 299, 537, 1982, 

Munro, R. HI, J -  T. Gosling, E. Hildner, R, M. MacQueen, A. I. Poland; and C, L, 

Ross, The associat ion o f  coronal mass e jec t ion  t ransients and other forms 

o f  so la r  act4vity, Solar  Phys., 61, 202,. 1979, - - 
Rostoker, 6, and L - G .  FZl thanmar, Relatf onship between changes i n  the 

interplanetary magnetic f i e l d  and var ia t ions i n  the magnetic f i e l d  a t  the *. :- I 

Earth’ s surface, - J . Geophys- -- Res -, 72 5853 1967. 

Russell, C. To, R. L, McPherron, and R, K O  Burton, On the cause o f  geomagnetic 

storms, - J . Geophys. -- Res., 79, 1105, 1974. 

Rust, D. M . ,  Coronal disturbances and t h e i r  t e r r e s t r i a l  effects, Space Sci . - 
Rev., 34, 21, 1983 -- 

Rust, D. M. and E. Hildner, M. Dryer, R. T. Hansen, A. N. McClymont, S. M .  P. 

McKenna Lawlor, D. J .  McLean, E. J .  Schmahl, R. S. Steinolfson, E. Tandberg- 

Hanssen, R. Tousey, 0. F. Webb, and S. T. Wu, Mass ejections, Ch. 7 i n  - Solar 



- W i 1 son : Magnet1 c C1 oud-Geomagneti c S t o r m  Page 17 

Flares, ed. P o  A. Sturrock, Colorado Associated Universi ty Press, p. 273, 1980. 

Sas t r i  , J . H,, K -  B- Ramesh, and J. V. SI V. Rao, Geomagnetic disturbances 

associ ated with d i  sappeari ng sol a r  f i  1 aments, Sol a r  Phys., 98, 177 .i 1985, - - 
r' 

Sheeley, N- RIB Jr-, R- A-  Howard, M:J. Koomen, D -  J.. Michels, R, Schwenn, 

K- HI Muhlhauser, and HI Rosenbauer, Corona? mass e jec t ions  and interplanetary 1 
I 

shocks, J -  Geophys, Res., 90 163, 1985, - - -' 
- Sol a r  Geophysical - Data, National Geophysical and Sol ar-Terrestr i  a1 Data Center, 

Boulder, Col orado- 

Wagner, W. J-, Coronal mass ejections. Ann. Rev. Astron. Astrophys., 22, 267, 1984- -- - 
Wilson, R. M. and E, Hildner, Are interplanetary magnetic clouds manifestations 

o f  coronal transients a t  1 AU? Solar Phys., 91, 169, 1984, - _. 

Wilson, R. M I  and E- Hildner,On the association o f  magnetic clouds with disappearing 

filaments, J. Geophys- Res., l986 ( i n  press), - - 
Wright, C- S- and L- F.. McNamara, The relat ionships between disappearing so la r  

fiTaments, coronal mass ejections, and geomagnetic ac t i v i t y .  Solar Phys., 



W i l  son: Magnetic Cloud-Geomagnetic Storm 

C' 

FIGURE 

l a  

l b  

2 

3a 

3b 

- 
F i  gure Cap ti ons 

Page 18 

CAPTION 

Superposed epoch analysis o f  the <Dst> geomagnetic index f o r  

19 magnetic clouds, covering the i n te rva l  24 h r  e i the r  side of 

cloud onset a t  Earth. Mean value ('ii) 

and number (n) of data points are i d e n t i f i e d  for the pre-cloud 

standard deviat ion (5) 

portion. 

Superposed epoch analysis o f  the  <Dst> geomagnetic index f o r  

19 control  (no cloud) periods, covering the in te rva l  24 h r  

e i ther  side o f  control onset, Mean value ('iz) , standard deviat ion (SI, 
and number (n) o f  data po ints  are ident i f ied.  

Superposed epoch analysis o f  CBZ, the mean Z-component o f  the 

interplanetary magnetic f i e l d  (MI, for 19 magnetic clouds- 

Superposed epoch analysis of <Dst>, the mean geomagnetic index, 

f o r  10 clouds w i t h  geomagnetic storms (denoted 0)  and 9 clouds 

without geomagnetic storms (denoted 0) . 
r f . .  

Superposed epoch analysis o f  < B v ,  the mean 2-component o f  the IMF, 

for 10 clouds with geomagnetic storms (denoted 0 )  and 9 clouds 

without geomagnetic storms ( denoted 0) . 
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TABLE 
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2 

Tab1 e Captions 

CAPTION 

Conti ngency tabl e o f  observed di stri buti on f o r  magnetic clouds 

and geomagnetic storms. 

Contf ngency tabl e o f  observed di stri bution f o r  magnetic clouds 

and types of geomagnetic storms. 
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